problems ranges from 7 to 25 of every 1000 visits to general physicians (5) . The prevalence of shoulder pain among adults under 70 years of age ranges from 7 and 27%, whereas this prevalence is between 13.2 and 26% among individuals over 70 years of age (6) . The use of the shoulder most often occurs in flexion, with the hand in front of the body rather than to the side. When the arm is raised, a reduction in the subacromial space occurs. Shoulder impingement syndrome is characterized by shoulder pain that becomes exacerbated when the shoulder is raised or when the arms perform activities above the head. This pain is caused by the functional impairment of the subacromial structures: rotator cuff, long head of the biceps and bursa (7) . Impingement syndrome and tendonitis of the rotator cuff are the most common intrinsic causes of shoulder pain and disability (5, 8) . Ischemia, inflammation and degeneration are related to age and overload on the tendons of the rotator cuff and are present in tendonitis of the rota-
INTRODUCTION
T he upper limbs perform diverse functions related to activities of daily living and labor activities. This occurs due to the considerable range of motion of the shoulder (1) . The shoulder is a complex of muscles, bone articulations and functional articulations that allow greater mobility than in any other joint in the human body. However, this mobility is achieved at the cost of structural stability (2) . Shoulder conditions are among the most common peripheral complications (3, 4) . Activities that employ the arms or hands are known to increase the risk of the development of shoulder pain (3) . It is estimated that the incidence of shoulder tor cuff (9, 10) . The impact of the tendon sheath and subacromial bursa when the shoulder is raised increases pain and contributes toward long-term conditions (7) . Anatomical and surgical observations have found that impingement occurs against the anterior margin and lower surface of the acromion, the coracoacromial ligament and, at times, the acromioclavicular joint (11) . Rotator cuff injury is classified in three stages: 1. edema and hemorrhaging, which may be the result of the excessive use of the arm above shoulder level and generally occurs in sports and labor activities (7); 2. fibrosis and tendonitis: along with tendonitis, with repeated episodes of inflammation, the bursa can become fibrotic and thickened. In this stage, shoulder function is satisfactory for mild activities, but becomes symptomatic for activities that raise the arms above shoulder level (7); 3. rotator cuff tear, tear of brachial biceps and bone abnormalities: with the increase in impingement, there may be a complete or incomplete tearing of the rotator cuff, brachial biceps injury and bone abnormalities in the anterior region of the acromion and greater tuberosity of the humerus. A rotator cuff tear begins with repeated impingement rather than due to circulatory impairment or trauma to the shoulder (7). There are many forms of treatment for this disease, such as non-hormonal anti-inflammatory drugs, corticosteroid injection, oral corticosteroids, manipulation under anesthesia, physiotherapy, pneumoarthrography, surgery and extracorporeal shock wave therapy, but the efficacy of these methods is not yet well established (12, 13) . Numerous rehabilitation interventions are available for the treatment of shoulder injuries, including thermotherapy (ultrasound), transcutaneous electrical nerve stimulation (TENS) and exercise. There is considerable variety in the use of these treatments among healthcare professionals, but the efficacy of these interventions remains unclear (14) .
METHODS
A literature review was carried out using the Lilacs, Medline, Pubmed and Web of Knowledge databases searching for studies published between 2000 and 2008. The following keywords were used: resistance exercises, exercises with weight, resistance training, strength training, painful shoulder, shoulder impingement syndrome, exercise and the translations of these terms in Portuguese. Controlled, randomized clinical trials that assessed the use of resistance training on shoulder impingement syndrome were selected. Articles written in English and Portuguese were included.
Scientific evidence of physiotherapy for shoulder impingement syndrome
In 1997, a systematic review of controlled, randomized clinical trials involving physiotherapy for shoulder conditions concluded that the use of ultrasound therapy (compared to a placebo treatment) proved ineffective on patients with shoulder disorders. There is also insufficient evidence supporting the use of low-level laser therapy, cryotherapy, electrotherapy, exercise and mobilization on such patients. This suggests that future studies should stress the use of exercise and mobilization (15) . In 2001, a systematic review of rehabilitation interventions for shoulder pain was published, finding evidence indicating the use of ultrasound on calcifying tendonitis of the shoulder, but little evidence indicating the use of ultrasound for other shoulder conditions (capsulitis, bursitis and tendonitis). Regarding therapeutic exercise, thermotherapy, TENS, massage and biofeedback electromyography, there is little evidence for considering theses methods effective (16) .
Resistance training
The interest in resistance training gained ground during World War II, when the importance of "progressive resistance exercise" was demonstrated in the improvement of muscle strength and hypertrophy in the rehabilitation of military personnel (17) . In the 1950s and 60s, resistance training captured the interest of the medical, scientific and athletic communities (18) . Training with resistance exercises is defined as an activity that develops and maintains muscle strength, endurance and mass (19) . Resistance training has been practiced by a large variety of individuals both with and without chronic disease, as it is associated to improvements regarding cardiovascular function (20, 21) , metabolism, risk factors associated to coronary events, osteoporosis (22, 23) , cancer (24) , diabetes (25, 26) and psychosocial wellbeing. The principal studies on resistance training involve both male and female individuals, including middle-aged and elderly individuals as well. The majority of physiotherapy studies use resistance training (strengthening exercises with the use of weights and loads), but fail to demonstrate the calculation and progression of the loads. Therefore, the exercises are not yet prescribed in an adequate, standardized fashion and the studies do not explain the best manner to perform the training. This hinders arriving at a consensus regarding the exercises to be performed, type of strengthening, calculation of load, progression of load, number of repetitions and rest intervals. Resistance training has emerged as an effective alterative for addressing this lack of standardization. The principal studies related to the subject have demonstrated innumerous benefits from this type of training in a variety of diseases and disabilities (27) . Resistance training appears to be a safe, effective intervention for patients with muscle strength deficit, but further evidence is needed in order to determine whether this type of exercise can improve function and quality of life for patients. Regarding patients in the acute recovery phase or those with degenerative diseases, greater caution should be taken in the performance of exercises. It is important for researchers to define the exercise program clearly and it is suggested that the term "resistance training" be employed rather than "strengthening" (28) . Regarding the safety of this type of training, no studies found thus far have reported any type of complication that would compromise the inclusion of this type of training on individuals with illnesses. In this type of therapeutic exercise modality, load, amplitude, velocity, degree of effort, rest intervals, number of repetitions, number of sets, duration and frequency can all be controlled.
Progression of training
Progressive resistance training is the gradual increase of load during a training program, for which the healthcare professional should monitor patient tolerance to exercise and adapt the exercise accordingly. In order to achieve an increase in muscle strength as well as improvements in endurance and hypertrophy, the following items should be considered: 1) increase in local resistance; 2) number of repetitions; 3) speed of repetitions; 4) rest period; 5) training volume (number of repetitions X resistance) (29) . The number of repetitions an individual can perform depends on external resistance, which is referred to as maximum repetition (MR) (30) . Training with load is generally described as specific maximum repetition. For example, 10 MR indicates the load maximum is performed with 10 repetitions (31) . In order to determine the load in resistance training, the following should be considered: -an increase in load based on repetitions; for example: performing 8 repetitions with a heavy load or 12 repetitions with a light load; -increase in load within prescription range; for example: 8 to 12 MR. Loads of 45 to 50% of 1 MR have been demonstrated to improve muscle strength in non-trained individuals (32) . At least 80% of 1 MR should be used to produce neural adaptation and improve strength during resistance training (33) . However, a number of authors have found that training with 1 to 6 MR (especially 5 to 6 MR) is best for increasing maximum dynamic strength, which can also be achieved with loads of 8 to 12 MR. The loads may vary, but greater loads maximize muscle strength (34, 35); -training affects the neural system (36, 37), causes hypertrophy (38) and alters the hormonal system (39). Thus, when there is a need for a change in the training volume, there should also be a change in the number of exercises, number of repetitions or number of sets (33) .
Prescription of training
The prescription of resistance training may vary depending on whether the objective is strengthening, hypertrophy, explosion or endurance. In order to achieve an improvement in muscle strength, isotonic exercises (concentric and eccentric) should be performed with a load between 60 and 80% of 1MR, 1 to 3 sets with 8 to 12 repetitions, rest intervals of 1 to 2 minutes between sets and a frequency of 2 to 6 times per week. This strengthening prescription is used for healthy individuals (29) .
Progressive resistance training in physiotherapy
The term resistance training is little used in physiotherapy. The term strengthening is mentioned more in studies, but has received criticism for being a vague term that most often fails to define the type of strengthening used. A study carrying out a survey of reviews on resistance training found the use of this type of resource in different diseases, such as the following (28): 1) arterial hypertension: a reduction was found in both systolic and diastolic pressure; 2) chronic obstructive lung disease: improvement was found in the strength of the lower and upper limbs, but with no improvement in function and durability while walking or pedaling; 3) musculoskeletal diseases: improvement was found in extensor and flexor strength of the trunk, with a reduction in pain and an improvement in function among patients with chronic low back pain. A review addressing fractures found improvement in strength and function. For neck pain, one study found an improvement in strength, range of motion, function and pain; for osteoarthritis of the hip and knee, a reduction in pain was found; 4) neuromuscular abnormalities: two reviews addressing cerebral palsy found an improvement in muscle strength, with no worsening of spasticity, but no conclusions were drawn regarding function and gait. For stroke victims, two reviews found an improvement in muscle strength, with no evidence of a worsening of spasticity or flexibility and no improvement in function; 5) gerontology: five systematic reviews found little change in lean mass and bone density of the femur. Improvements in bone density of the spine and distal radius were found in some studies, but adverse effects were either not controlled well or not reported.
Progressive resistance training and shoulder impingement syndrome
Exercise is known to be as effective as surgery for grade II shoulder impingement syndrome (15) . In a systematic review published in 2003 on therapeutic exercise and manual therapy for shoulder impingement syndrome, the authors suggest some benefits for exercise or manual therapy when compared to acromioplasty, placebo or non-intervention. The conclusion was that there is little evidence to support or not support the efficacy of therapeutic exercise or manual therapy in the treatment of shoulder impingement syndrome (40) . It is difficult to find articles in the literature that prove the efficacy of exercises for shoulder impingement syndrome and discuss how the exercises should be performed, duration, number of sets, number of repetitions and calculation of load. Some studies use shoulder strengthening exercises with elastic bands, which hinders the standardization of these exercises. Only one controlled, randomized study was found using resistance training in the treatment of patients with shoulder impingement syndrome. The (41) and assessed patients with regard to pain, function, quality of life, goniometry and isokinetic strength as well as the number of anti-inflammatory pills and analgesics consumed. The patients were submitted to a resistance training program for the shoulder musculature, which was performed twice a week for two months. The primary objective was to investigate pain and function in patients with shoulder impingement syndrome submitted to muscle strengthening exercises. The secondary objectives were to assess muscle strength and quality of life among these patients undergoing resistance training. Sixty patients were selected who fulfilled Neer's criteria for the diagnosis of shoulder impingement syndrome or tendonitis of the rotator cuff (Neer, 1983) ; tested positive on the Hawkins test (MacDonald et al., 2000) in at least the two previous months; and had pain between 3 and 8 on the numeric pain scale in the arch of motion that produced the greatest shoulder pain. Patients with a history of shoulder luxation, subluxation or fracture; cervical radiculopathy; degenerative joint disease of the glenohumeral joint; surgery on the shoulder, cervical spine or thoracic spine; inflammatory arthropathy; shoulder injections in the previous three months; and those who were performing any type of physical intervention for the shoulder were excluded from the study. Randomization was performed using a randomization table with confidential allocation, using opaque, sealed envelopes, and the patients were divided into experimental group and control group. Assessments were carried out prior to and at the end of treatment by a "blind" evaluator and consisted of the following instruments: visual analogue scale for pain at rest and during movement; Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire for the assessment of function; SF-36 (validated in Portuguese by Ciconelli et al. in 1999) for the generic assessment of quality of life; goniometry of the shoulder; and isokinetic assessment of the shoulder joint using an isokinetic dynamometer (Cybex 6000, Cybex -Division of Lumex, Ronkonhoma, New York). The patients in the experimental group were submitted to muscle strength assessment by maximum repetition (MR), in which the patient performed 6 repetitions with the maximal possible weight, thereby determining 6 maximum repetitions (6 MR) (Kraemer et al, 2002) . Once the 6 MR load was determined, training was divided in the following manner: 2 sets of 8 repetitions, with the 1 st set at 50% of 6 MR and the 2 nd set at 70% of 6 MR, always respecting the pain threshold of the patient. There was a 2-minute rest period between the 1 st and 2 nd sets. The exercises were flexion, extension, medial rotation and lateral rotation of the shoulder. Training was carried out twice a week for a period of eight weeks. The 6 MR was reevaluated every two weeks. The results demonstrated that the patients in the experimental group exhibited an improvement in pain at rest (from 4.2 to 2.4; p<0.001); pain during movement (from 7.4 to 5.2; p<0.001); function, as assessed by DASH (from 44.0 to 33.2; p<0.007); and some of the SF-36 domains when compared to the control group. Regarding the number of analgesics and non-hormonal anti-inflammatory pills, the control group used a greater number of pills than the experimental group and this difference was statistically significant at the end of the study. However, even though the control group used a greater number of pills, the members of this group did not experience improvement regarding pain. From this study, we may conclude that progressive resistance training for the shoulder musculature in patients with shoulder impingement syndrome was effective in reducing pain as well as improving function and quality of life. Based on the classification criteria by level of evidence (PEDro) in the Physiotherapy Evidence Database, the use of progressive resistance training for shoulder impingement syndrome has a 1b level of evidence, as there is one randomized, controlled trial of high quality (PEDro ≥6). However, further well-designed studies are needed in order to improve the level of evidence that supports the use of progressive resistance training for patients with shoulder impingement syndrome. 
SUMMARY
Shoulder impingement syndrome and tendonitis of the rotator cuff are the most common intrinsic causes of shoulder pain and disability. The present literature review addresses general concepts on shoulder impingement syndrome as well as progressive resistance training and different physiotherapy interventions for this condition. The aim was to review what exists in the literature regarding progressive resistance training as a therapeutic approach to shoulder impingement syndrome. The review was carried out using the Lilacs, Medline, Pubmed and Web of Knowledge databases searching for studies published between 2000 and 2008. The following keywords were used: resistance exercises, exercises with weight, resistance training, strength training, painful shoulder, shoulder impingement syndrome, exercise and the translations of these terms in Portuguese. Controlled, randomized clinical trials that assessed the use of resistance training for shoulder impingement syndrome were selected. Articles written in English and Portuguese were included. Only one article on the subject was encountered. The authors stress the need for further studies on this topic, as the method has been widely used on a number of other musculoskeletal disorders.
